We report chromosome 3p deletion mapping of 32 cervical carcinoma (CC) biopsies using 26 microsatellite markers located in frequently deleted 3p regions to detect loss of heterozygosity and homozygous loss. In addition, two STS markers (NLJ-003 and NL3-001) located in the 3p21.3 telomeric (3p21.3T) and 3p21.3 centromeric (3p21.3C) regions, respectively, were used for quantitative real-time PCR as TaqMan probes. We show that quantitative real-time PCR is reliable and sensitive and allows discriminating between 0, 1 and 2 marker copies per human genome. For the first time, frequent (five of 32 cases, i.e. 15.6%) homozygous deletions were demonstrated in CCs in both 3p21.3T and 3p21.3C regions. The smallest region homozygously deleted in 3p21.3C was located between D3S1568 (CACNA2D2 gene) and D3S4604 (SEMA3F gene) and contains 17 genes previously defined as lung cancer candidate Tumor suppressor genes (TSG(s)). The smallest region homozygously deleted in 3p21.3T was flanked by D3S1298 and NL1-024 (D3S4285), excluding DLEC1 and MYD88 as candidate TSGs involved in cervical carcinogenesis. Overall, this region contains five potential candidates, namely GOLGA4, APRG1, ITGA9, HYA22 and VILL, which need to be analysed. The data showed that aberrations of either NLJ-003 or NL3-001 were detected in 29 cases (90.6%) and most likely have a synergistic effect (Po0.01). The study also demonstrated that aberrations in 3p21.3 were complex and in addition to deletions, may involve gene amplification as well. The results strongly suggest that 3p21.3T and 3p21.3C regions harbor genes involved in the origin and/or development of CCs and imply that those genes might be multiple TSG(s).
We report chromosome 3p deletion mapping of 32 cervical carcinoma (CC) biopsies using 26 microsatellite markers located in frequently deleted 3p regions to detect loss of heterozygosity and homozygous loss. In addition, two STS markers (NLJ-003 and NL3-001) located in the 3p21.3 telomeric (3p21.3T) and 3p21.3 centromeric (3p21.3C) regions, respectively, were used for quantitative real-time PCR as TaqMan probes. We show that quantitative real-time PCR is reliable and sensitive and allows discriminating between 0, 1 and 2 marker copies per human genome. For the first time, frequent (five of 32 cases, i.e. 15.6%) homozygous deletions were demonstrated in CCs in both 3p21.3T and 3p21.3C regions. The smallest region homozygously deleted in 3p21.3C was located between D3S1568 (CACNA2D2 gene) and D3S4604 (SEMA3F gene) and contains 17 genes previously defined as lung cancer candidate Tumor suppressor genes (TSG(s)). The smallest region homozygously deleted in 3p21.3T was flanked by D3S1298 and NL1-024 (D3S4285), excluding DLEC1 and MYD88 as candidate TSGs involved in cervical carcinogenesis. Overall, this region contains five potential candidates, namely GOLGA4, APRG1, ITGA9, HYA22 and VILL, which need to be analysed. The data showed that aberrations of either NLJ-003 or NL3-001 were detected in 29 cases (90.6%) and most likely have a synergistic effect (Po0.01). The study also demonstrated that aberrations in 3p21.3 were complex and in addition to deletions, may involve gene amplification as well. The results strongly suggest that 3p21.3T and 3p21.3C regions harbor genes involved in the origin and/or development ofIntroduction Tumor suppressor genes (TSG(s)) represent one of the main classes of cancer-associated genes and their identification constitutes one of the major efforts in cancer research today.
Deletions in chromosome 3p are frequently associated with different epithelial tumors, and this chromosome is harboring several TSG(s) . Many studies have shown abnormalities on the short arm of this chromosome in carcinomas of the kidney, lung, breast, ovary, cervix, testis, head and neck and other (Kok et al., 1997; Braga et al., 1999; Lazo, 1999) . However, the search for resident TSG(s) was hampered by the large size of the region that covers practically the whole chromosome 3p (about 100 Mb). It is still not clear which TSG(s) located on chromosome 3 are cancer type specific or common to different epithelial tumors. According to several studies, the most frequently affected regions (FAR) in sporadic renal cell carcinoma (RCC) and small cell lung carcinoma (SCLC) are 3p13-p14 and 3p21.2-3p21.3 (Kok et al, 1997; Van den Berg and Buys, 1997; Alimov et al., 2000; Zabarovsky et al., 2002) . Recently, using deletion mapping we have shown that the 3p21.3 region is the most frequently deleted region not only in RCC and SCLC but also in nonsmall cell lung (NSCLC), breast and cervical carcinomas (CCs). Moreover, we have shown that this region could be subdivided into centromeric 3p21.3 (3p21.3C) and telomeric 3p21.3-p22 (3p21.3T) subparts (Alimov et al., 2000; Lerman et al., 2000; Braga et al., 2002) . Others and we identified several candidate TSG(s) from the centromeric 3p21.3 region, however, no clear candidate TSG(s) from the telomeric 3p21.3 part have been isolated yet . Importantly, both telomeric and centromeric 3p21.3 critical regions contain several genes that justified further fine deletion mapping of these regions.
Loss of heterozygosity (LOH) is frequently used as an indicator of genetic losses associated with tumor development, and the microsatellite repeat analysis is often the method of choice for LOH detection. LOH studies, however, have several disadvantages discussed previously Zabarovsky et al., 2002) .
Real-time PCR using TaqMan probes is a well-known, precise, and reproducible quantitative nucleic acid assay with a high throughput and large dynamic range of applications (Livak et al., 1995) . The method overcomes some limitations of LOH analysis, for example, it does not require polymorphism, so any unique marker can be used. In contrast to LOH with microsatellite markers that detect only allelic imbalance without discrimination between deletions and amplifications, real-time PCR yields information about copy number changes. In this study, real-time PCR was used to assess the presence and frequency of homozygous deletions in the centromeric and telomeric 3p21.3 regions.
Materials and methods

DNA samples and Southern blot analysis
In all, 32 cervical squamous CCs were studied. For histological verification, top and bottom sections (5-mm thick) cut from frozen tumor tissues were examined after staining with hematoxylin and eosin. Selected samples containing 60% or more tumor cells, and matched normal tissues were stored at À701C. High-molecular-weight DNA was isolated with guanidinium thiocyanate followed by centrifugation through a CsCl cushion (Samoylova et al., 1995) .
Female and male DNA samples for testing X chromosome copy numbers were obtained from the blood of healthy individuals. High-molecular-weight DNA was isolated by overnight treatment with proteinase K at 501C followed by phenol/chloroform extraction and precipitation with ethanol. The DNA preparations were examined by electrophoresis using 0.8% agarose gels.
Chromosome 3 specific NotI linking clones NLJ-003/ D3S1642 and NL3-001/D3S3874 (mapped to 3p21.3T and to 3p21.3C, respectively) were described previously (Kashuba et al., 1999) .
Southern blotting and hybridization were performed according to the standard procedures. Band intensities were determined using a Molecular Dynamics Personal Densitometer SI (Sunnyvale, CA, USA) according to the manufacturer's protocol. NotI linking clone NL1-290/D3S4293 mapped to the 3q13.3-q21 (Kashuba et al., 1999) was used as a reference control because this region usually does not reveal frequent allelic imbalances in CCs (Rader et al., 1996; Lazo, 1999; Matthews et al., 2000) . The ratio of band intensities showing copy number changes of the probe NLJ-003 was calculated according to the formula: PT Â RN/ RT Â PN, where PT and PN were band intensities for the NLJ-003 bands, and RT and RN represented band intensities of NL1-290 in tumor and normal samples, respectively.
Real-time quantitative PCR
Selection of primer and TaqMan probe sequences for NLJ-003/D3S1642 and NL3-001/D3S3874 was performed using the (Boulay et al., 1999) . Beta-actin gene (ACTB) was used as a reference (Applied Biosystems, Foster City, CA, USA). NLJ-003, PF2K and ACTB probes were labeled with FAM (6-carboxy-fluoroscein) and NL3-001 contained JOE (2,7-dimethoxy-4,5-dichloro-6-carboxy-fluoroscein) as reporter dyes, located at the 5 0 -ends. All of the reporters were quenched by TAMRA (6-carboxy-N,N,N 0 N 0 -tetramethyl-rhodamine), conjugated to their 3 0 -terminal nucleotides. All probes and primers were purchased from Applied Biosystems. PCRs were carried out in triplicate in 25 ml consisting of 1 Â PCR buffer A (Applied Biosystems), 3.5 mm MgCl 2 , 0.2 mm dATP, dGTP, dCTP, and 0.4 mm dUTP, 100 nm TaqMan probe, forward and reverse primers in appropriate concentrations (150-200 nm), 0.025 U/ml Taq Gold DNA polymerase (Applied Biosystems), 0.01 U/ml AmpErase and 5 ml of DNA template (20-60 ng). PCRs were carried out according to the thermal profile: 2 min at 501C, 10 min at 951C, followed by 40 cycles of 15 s at 951C and 1 min at 601C.
Comparative C T method (DDC T method) was used for quantification of marker copy numbers. The parameter C T (threshold cycle) is defined as the cycle number required for reporter dye fluorescence to become higher than background fluorescence level and automatically determined using ABI Prism s Model 7700 Sequence Detector (Applied Biosystems). The method is based on the inverse exponential relation that exists between the initial quantity (copy number) of target sequence copies in the reactions and the corresponding C T determinations -the higher the starting copy number of DNA target, the lesser the C T value. This method was used to determine target sequence copy number in tumor DNA sample relative to the normal DNA from the same patient (calibrator) and relative to an endogenous control sequence (reference) -ACTB in both samples. The starting relative copy number DNA (at each locus in tumor sample) is given by 2 ÀDDCT , where
. Data were analysed using ABI Prism s 7700 Sequence Detection System software (version 1.7). The range given for the probes was determined as 2 ÀDD C T with DDC T +s and DDC T À s, where s ¼ the standard deviation of the DDC T value. The absence of nonspecific amplification was confirmed by analysing the PCR amplification by 2.5% agarose gel electrophoresis and ethidium bromide staining.
For the DDC T calculation to be valid, the efficiency of the target amplification and the efficiency of the reference amplification must be approximately equal. Before using the DDC T method for quantitative assessment, a validation experiment was performed. The validation experiments ( Figure 1 ) demonstrated that efficiencies of the targets and reference are approximately equal for the chosen dilutions. The absolute value of the slope of log input amount vs DC T should be o0.1. For the NL3-001, the slope value is 0.0848, for NLJ-003 it is 0.0133 and for PF2K it is -0.0577. Thus, the DDC T calculations can be used for the relative quantification of targets without using standard curves.
3p deletion hot spots in cervical carcinomas V Senchenko et al Comparative C T method can be used in separate tubes and in the same tube. Control experiments (data not shown) demonstrated that both methods gave the same results. Quantification of NLJ-003 and PF2K was carried out in separate tubes and quantification of NL3-001 was carried out in the same tube. For an accurate C T quantification using multiplex PCR in the same tube, it is important that two independent reactions do not compete. The primer limitation experiments were performed using a matrix of forward and reverse primer concentrations (15-100 nm). The chosen concentrations were those that have shown a reduction in DR n but little effect on C T . The primer and probe concentrations for multiplex PCRs in the same tubes were found: for NL3-001-20 nm (probe), 90 nm (primers) and ACTB À 20 nm (probe), 60 nm (primers).
Sample sex determination using of PF2K gene dosage in X chromosome
Real-time PCRs were performed on the 15 male samples and 15 female samples using two different sets of primers, one set for X-linked housekeeping gene PF2K (Boulay et al., 1999) , and another for ACTB gene used as a reference. The reactions were carried out in triplicate for each sample. For each individual, C T value obtained for ACTB was subtracted from that of PF2K, thus defining DC T .
Polymorphic and STS markers and microsatellite analysis
In all, 26 polymorphic and two STS markers of 3p were applied. A total of 23 microsatellite markers were selected from genome-(GDB) and CHLC databases. Three polymorphic (NL1-024/D3S4285, D3S4604 and D3S4597) and two STS (NLJ-003/D3S1642 and NL3-001/D3S3874) markers were designed and located earlier (Braga et al., 1997; Kashuba et al., 1999; Wistuba et al., 2000) . The order of all 28 selected markers according to the location database (http://www.cedar.genetics.soton.ac.uk/pub/chrom3/gmap), NCBI human GDB (http://www.ncbi.nlm.nih.gov/genome/guide/human) and our own data was as follows:
The PCR primers were purchased from Life Technologies/ Invitrogen (Carlsbad, CA, USA). The PCR and PAG electrophoresis was carried out as described earlier .
Band intensities for PCR products of high-and lowmolecular-weight alleles (H-and L alleles) were compared using a Molecular Dynamics Personal Densitometer SI. The LOH was scored when a ratio of intensities for matched tumor and normal DNAs differed twofold or more.
Results
Testing sensitivity of real-time PCR using TaqMan probes
In previous experiments using LOH deletion mapping, we have shown that regions surrounding NLJ-003 and NL3-001 are the most FARS in RCC (see Figure 2) . It was also shown that these clones were homozygously deleted in SCLC and breast cancers (Murata et al., 1994; Wei et al., 1996; Sekido et al., 1998; Alimov et al., 2000; Lerman et al., 2000) . Recently, the same was demonstrated for NSCLC, breast and cervical cancers (Braga et al., 2002) . The data strongly suggest that both regions (telomeric 3p21.3T and centromeric 3p21.3C) contain multiple tumor suppressor genes. The focus of the present study was to compare LOH data with another independent deletion mapping method and to check whether these regions are also homozygously deleted in CCs. Comparative genomic hybridization (CGH) data could verify and validate the LOH mapping (Alimov et al., 2000) ; however, the resolution of this method is rather low. We decided to use a much more sensitive, rapid and quantitative method, termed real-time PCR (Heid et al., 1996) to assay genetic changes in tumorigenesis. This technology does not require polymorphic markers, and any marker is informative for any cancer case. Real-time PCR permits to evaluate and compare a set of samples at different loci to identify deletions, retentions and amplifications. As described in Material and methods, all control experiments demonstrated that primers and probes designed for the NLJ-003 and NL3-001 loci were appropriate for the comparative C T method. Before doing deletion mapping of cervical carcinomas, we tested real-time PCR with human X chromosome, thus requiring differentiation between one (male) and two (female) copies per genome. The DC T values obtained for 30 samples indicated that samples could be divided into two nonoverlapping groups. The DC T value for one group was 6.0170.40 (av.7s.d.) and it was approximately one unit higher than the DC T for another group: 4.9170.44. The difference of one unit reflects a twofold value of initial gene copy number for females compared to males. The amount of target (PF2K) for females, normalized to a reference (ACTB) and relative to target (PF2K) for males was:
14(2.08-2.20). Thus, this approach permits detection of the difference in X chromosome copy number between males (one copy) and females (two copies).
Analysis of two critical regions in 3p21.3
To test two critical sites in 3p for copy number changes and homozygous deletions, two TaqMan probes were designed: the NLJ-003 (3p21.3T), residing in the AP20 homozygous deletions site (Kashuba et al., 1995; Ishikawa et al., 1997; Protopopov et al., 2003) and NL3-001 (3p21.3C), mapped to the LUCA homozygous deletion site (Wei et al., 1996; Lerman et al., 2000 , see Figure 2 ). Frequent aberrations were shown in these regions in previous studies (Alimov et al., 2000; Wistuba et al., 2000; Braga et al., 2002) . The results of the experiments are shown in Table 1 . According to histology analysis, contamination of tumor samples with normal stroma and lymphocytes can reach up to 30-40%. Therefore, alleles were taken as homozygously deleted if the highest value of standard deviation is below 0.5 and hemizygously deleted if this value is below 1.0. An allele was considered as amplified/ multiplied, if the lowest value of standard deviation is over 1.0. In this case, the results of quantitative PCR analysis suggest that seven samples (21.8%) contained amplified NLJ-003 marker and nine samples (28.1%) had amplified NL3-001.
Homozygous deletions were detected in five cases (15.6%) for both markers, of which four cases were in the same tumor samples. Frequencies of simultaneous homozygous deletions in both loci were highly significant (P ¼ 0.0009). Therefore, some aberrations in 3p21.3T and 3p21.3C often occurred in the same tumor. This might mean that TSG(s) in these regions can have a synergistic effect.
Hemizygous deletions of NLJ-003 were found in 14 samples (43.8%) and of NL3-001 in 10 (31.3%). Altogether, these data showed that copy number changes (homo-and hemizygous deletions and amplifications) of either NLJ3-001 or NL3-001 were detected in 29 cases (90.6%). This is significantly higher than it was reported earlier for the whole 3p -around or some more than 70% (Larson et al., 1997a; Wistuba et al., 1997; Braga et al., 1999; Helland et al., 2000) . These results lend strong support to the conclusion that these two regions are really hot spots for rearrangements in CCs. Only in three cases (9.4%), no aberrations were detected in either of these loci.
This study has highlighted the complex character of chromosomal rearrangements in 3p during development of CC. In addition to homo-and hemizygous deletions, duplication/amplification of the whole chromosome 3 or some regions was also detected. One tentative explanation of these phenomena might be that inactivated TSG(s) were amplified together with neighboring oncogenes.
To confirm that allelic imbalance could be because of the amplification, we performed additional experiments with five RCC cell lines showing LOH and considered to have 3p deletions (Alimov et al., 2000) . However, Figure 2 Schematic maps of 3p21.3C and 3p21.3T regions. For homozygous deletions found in SCLC cell lines (Wei et al., 1996; Ishikawa et al., 1997; Lerman et al., 2000; Protopopov et al., 2003) and for flanking regions, the genes are represented by pointed arrows, indicating the orientations of transcription. Physical position from 3p telomere is according to http://www.ncbi.nlm.-nih.gov/cgi-bin/Entrez/hum_srch?chr ¼ hum_chr.inf&query (build 30) 3p deletion hot spots in cervical carcinomas V Senchenko et al cytogenetic analysis demonstrated that among them only A498 had two copies of chromosome 3 and four lines had from three to five copies (KRC/Y, HN51, CAKI1 and TK164). Nevertheless, all these five lines revealed only one marker in LOH analysis arguing that one 3p arm was lost. These data proved that amplification associated with 3p deletion is a common event in cancer cells.
Real-time PCR data for NLJ-003 and NL3-001 loci were compared with allelic alterations observed for neighboring polymorphic markers (Figure 3) . In all, 20 cancer samples were analysed in this work. Significant correlation between real-time PCR and LOH data was observed in both loci for many cancer samples. For example, relative copy number values for NLJ-003 locus in CC samples #6, #17 and #25 suggested allelic imbalance, and flanking microsatellite markers supported this finding. In cases #2, #8 and #24 quantitative real-time PCR suggested for NLJ-003 retention and this result coincided with the LOH in neighboring polymorphic markers.
However, in other cases discordance was apparent. For instance, NLJ-003 demonstrated hemizygous deletions in cases #10 and #15, but neighboring markers showed retention. This disagreement can be explained by different factors. On the one hand, it can mean that NLJ-003 is a hot spot for the rearrangements and flanking regions were unaffected; on the other, it is clear that not every copy number change will result in allelic imbalance. Moreover, application of real-time PCR allowed detecting homozygous deletions that is very difficult with microsatellite markers. From the data shown in Figure 3 , it is possible to conclude that the smallest homozygously deleted region in 3p21.3T is bordered with NL1-024 (D3S4285) and D3S1298. Additional data with primers D3S2968, D3S4597 and D3S4604 (not shown) suggested that the similar region in 3p21.3C is limited with D3S4604 and D3S1568. It is important to mention that these two regions overlap with previously described homozygous deletions in lung and breast carcinomas (Murata et al., 1994; Wei et al., 1996; Sekido et al., 1998; Lerman et al., 2000) .
Owing to the limited amount of tumor material, only some samples could be tested by Southern hybridization. Results for the available cases are shown in Figure 4 . This figure clearly showed that the realtime PCR data were consistent with the Southern data.
Discussion
According to LOH and CGH data (Kisseljov et al., 1996; Rader et al., 1996 Rader et al., , 1998 Lazo, 1999; Mazurenko et al., 1999; Matthews et al., 2000) chromosome arms 3p, 6p and 11q were most frequently affected in squamous CC of the uterine cervix. Moreover, 3p and 6p were also involved at the early precancer stages and during progression of cervical intraepithelial neoplasia to invasive cervical cancer (Larson et al., 1997b; Wistuba et al., 1997; Fouret et al., 1998; Guo et al., 1998 Guo et al., , 2000 Guo et al., , 2001 Umayahara et al., 2002) . Different studies reported various 3p LOH rates in the range 50-76% (Wistuba et al., 1997; Braga et al., 1999; Guo et al., 2000; Helland et al., 2000; Herzog et al., 2001; Acevedo et al., 2002) . Several reports suggested that the most frequently affected in CC regions were located in 3p21.3-p22 region and near FHIT gene in 3p14.2 (Wistuba et al., 1997; Muller et al., 1998; Helland et al., 2000; Herzog et al., 2001; Acevedo et al., 2002) . We have found recently that two regions in 3p21.3 (centromeric -C or LUCA and telomeric -T or AP20) were frequently deleted in major human malignancies (Braga et al., 2002) . Homozygous deletions are excellent indicators of the locations of TSG(s); however, microsatellite deletion mapping is not very well suited for the detection of such deletions because of normal cell contamination. Balance between two alleles does not change in such cases and deletion would go undetected. In fact, this can lead to paradoxical results when LOH in homozygously deleted regions may be less frequent than in surrounding regions. Furthermore, this approach in fact detects only allelic imbalance that could result from multiplication as well as Samples showed multiplication are in bold italics and samples with white letters contained hemizygous deletions 3p deletion hot spots in cervical carcinomas V Senchenko et al from deletions. Real-time PCR in contrast to the LOH can detect precisely copy number changes (Cairns et al., 1998; Chiang et al., 1999; Braga et al., 2002) and in this study we performed detailed analysis of these two critical loci combining real-time PCR with LOH. Several candidate TSG(s) were identified in these two regions; however, none of them showed a frequent mutation rate in tumor samples (Daigo et al., 1999; Lerman et al., 2000; Zabarovsky et al., 2002) . Epigenetic inactivation by methylation and homozygous deletions are alternative pathways for TSG inactivation (Baylin and Herman, 2000) . Indeed, for example, hypermethylation of promoter region was demonstrated for RASSF1A gene from 3p21.3C (LUCA) region in various epithelial carcinomas (Dammann et al., 2000; Burbee et al., 2001; Dreijerink et al., 2001; Kuzmin et al., 2002) . We designed two probes for real-time PCR, one from each of these regions. Clone NL3-001 is located closely to candidate TSG semaphorin 3B (SEMA3B), while NLJ-003 is between the integrin alpha 9 (ITGA9) gene involved in cell adhesion and border of homozygous deletion in ACC-LC5 SCLC cell line (Murata et al., 1994) .
To our knowledge, real-time quantitative PCR was applied here for the first time in a detailed study of copy number changes in chromosome 3p loci in solid tumors, and we demonstrated frequent (15.6%) homozygous deletions in both 3p21.3C and 3p21.3T critical regions in squamous cell CCs. Earlier homozygous deletions were detected in CC only around the FHIT region, and these Figure 3 Combination of LOH and real-time PCR data for 3p deletion mapping. Black squares represent LOH and homozygous deletions; white squares, retention of heterozygosity and normal copy number; gray squares, multiplication and dashed boxes are noninformative cases. L and H inside black squares denote the type of allele lost. It was shown that the H-allele is less sensitive to normal cell contamination than L-allele Figure 4 Comparison of real-time PCR and Southern hybridization results. DNA was digested with BamHI and transferred to the nylon filters. Hybridization was carried out simultaneously with two probes NLJ-003 (3p21.3T) and . Upper numbers show the ratio according band intensities determined by scanning nylon filters and bottom numbers represent results of realtime PCR 3p deletion hot spots in cervical carcinomas V Senchenko et al results were based on application of LOH and multiplex PCR (Larson et al., 1997a; Muller et al., 1998) .
Moreover, our results strongly argue that these two regions in 3p21.3 are hot spots for rearrangements in cervical cancer and therefore most likely contain TSG(s) and other cancer-associated genes. Indeed, aberrations in NLJ-003 locus were detected in 81.3% and in NL3-001 in 71.9% cases. Furthermore, aberrations in at least one of these loci were detected in 90.6% cases that is significantly higher than was reported before for 3p21.3 (23-57%) and FHIT (30-58%) (Wistuba et al., 1997; Muller et al., 1998; Helland et al., 2000; Herzog et al., 2001; Acevedo et al., 2002) .
According to histology analysis, contamination of tumor samples with normal stroma and lymphocytes was not more than 40%. Quantitative data are heavily affected by the degree of contamination of tumor samples. Intratumoral heterogeneity related to clonal or subclonal events was reported earlier (Larson et al., 1997a) and observed here by LOH (data not shown). Therefore, quantitative copy number changes determined by real-time PCR could be even more significant.
The smallest region homozygously deleted in 3p21.3C is bordered by D3S1568 and D3S4604. Therefore, the centromeric border is inside the CACNA2D2 gene (cases #18 and #19) that is consistent with the data for SCLCs, for example, GLC20 SCLC cell line (Wei et al., 1996; Lerman et al., 2000) . This implies that the TSG(s) located in 3p21.3C could be involved in the development of different tumors and genes located centromeric to CACNA2D2 could be excluded from the list of candidate cervical TSG(s). The telomeric border is inside the SEMA3F gene (cases #18, #19 and #26) and this supported suggestion that in addition to RASSF1A, both SEMA genes in this region could be TSG(s) .
The smallest region homozygously deleted in 3p21.3T is flanked by D3S1298 and NL1-024 (D3S4285). The centromeric border is close to D3S1298 (cases #9 and #26) and this most probably suggests that DLEC1 and MYD88 genes (Daigo et al., 1999; Protopopov et al., 2003) could not be considered as candidate TSG(s) involved in cervical cancer. The telomeric border was not precisely determined in this study and included two candidate TSG(s), namely MLH1 and ITGA9. Keeping in mind that telomeric border of the homozygous deletion in SCLC cell line ACC-LC5 was determined earlier (Ishikawa et al., 1997) , we could identify here only five known candidate TSG(s): trans-Golgi p230 (GOLGA4), gene deleted in AP20-region 1 (APRG1), ITGA9, gene homologous to S. pombe YA22 (actually a human ortholog referred to as HYA22) and villin-like VILL genes (Daigo et al., 1999 , Protopopov et al., 2003 . Additional studies are needed to reveal which of these genes has TSG activity.
Our study also demonstrated that aberrations in 3p21.3 have a complex character and in addition to deletions, amplification also could happen in this region with duplication/multiplication of the second allele, which can accompany allelic loss (De Nooij-van Dalen et al., 1998; Varella-Garcia et al., 1998; Thiagalingam et al., 2001) . This result further confirmed the usefulness of quantitative real-time PCR in the mapping of important regions in cancer genome research. Amplification of 3p loci in CC was shown here for the first time. Earlier increase in chromosome copy number and loss of one allele with concomitant duplication of the second allele was shown in 3p only for lung cancer. Combination of LOH and FISH was applied in that study (Varella-Garcia et al., 1998) . Thus, allelic imbalance can frequently lead to an erroneous conclusion that the other allele had suffered deletion while indeed another allele was multiplied . Human chromosome 3p probably contains many genes that can play a dominant oncogenic role. MST1 receptor (RON) and its ligand MST1 gene are located in 3p21 and their overproduction can result in autocrine stimulation and uncontrolled proliferation . Thus, amplification of some 3p21.3 regions can lead to oncogene activation following the deletion of resident TSG(s).
To confirm that allelic imbalance may result from frequent multiplication/amplification in tumor cells, we performed additional experiments with RCC cell lines. RCC showed very high level of 3p deletions by LOH studies (>90%) and it has been shown that 3p21.3T and 3p21.3C are the most frequently deleted regions in both RCC and cervical cancers (see for example Braga et al., 2002) . For five RCC cell lines we have previously shown 3p deletions by LOH analysis (Alimov et al., 2000) . However, cytogenetic analysis demonstrated that among them only one had two copies of chromosome 3 and four lines had from three to five copies. These data proved that amplification associated with 3p deletion is a common event and therefore, without additional independent data, it is more correct to speak about allelic disbalance.
Interestingly, homozygous deletions were detected in five cases (15.6%) for both markers, and in four cases both markers were simultaneously homozygously deleted in the same tumor (P ¼ 0.0009). This most probably means that TSG(s) in these regions could have synergistic effects. The estimation of possible interdependency between all aberrations in loci NL3-001 and NLJ-003 as different events was carried out using a permutation test (Mantel, 1967) . This test demonstrated a significant correlation between different aberrations in these two loci (Po0.01). However, further research is necessary to clarify this situation. Finally, the exceptionally high level of chromosome aberrations in NLJ-003 and NL3-001 loci suggests that cervical TSG(s) could be located very near to these markers.
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